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XXII.. Additional Observations on making a Thermometer for 
meafuring the higher Degrees of Heat. By Mr. Jofiab 
Wedgwood, F* R«-S. and Potter to Her Majejly* 



Read June 22 \ 1 7 B6 . 

MY thermometer for meafuring the higher degrees of heaC- 
having been honoured with the notice of this illus- 
trious Society, I now requeft a further indulgence for a few 
more ohfervations on the fame fubje£t. 

In my firft Paper # I communicated every thing that expe- 
rience had then taught me, refpe&ing both the eonftrudtion and 
ufe of this thermometer ; but more extenftve pra£tice has fince 
convinced me, that other managements and precautions are 
neceffary, in order to bring it to the perfection it is capable of 
receiving : for pieces made of the fame clay, and exa6Hy of 
the fame dunenfions, have been found to differ in the degree of 
their diminution by fire, in confequence of fome circumftances 
in the mode of their formation., at that time unheeded, and> 
very difficult to be developed. 

Of the two ways propofed for forming them, the mould 
and the prefs, the former was made choice of, as being, for 
general ufe, the mod: commodious. The fbft clay was prefled 
into a fquave mould with the fingers ; and the pieces, whet> 
dry 9 were pared down on two oppofite fides, by means of a 
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faring gage made for that purpofe, fo as to pafs exadtly to o° atr 
the entrance of the converging canal of the measuring gage. 

But the pieces thus formed have been found liable, in paffing 
through ftrongfire, to receive a |ittle alteration in their figure, 
which produces an uncertainty with refpe£t to their fubfequent 
meafurement: the two fides, inftead of continuing flat, be- 
come concave ; the edges, both at top and bottom! projecting, 
beyond the middle part, fometimes very confiderably, as at a 
and £, fig, 1, (Tab. XI V.) where AB reprefents a perpendicular 
fe£tion of an unburnt piece, and ab <t like fedtion of the fame 
piece after it has undergone a heat of 160 degrees. This irre- 
gularity in the form, which is fenfible only after paffing. 
through the high degrees of fire, was obferved' in fome of 
the early experiments, but w ? as not then looked upon as being; 
productive of any error. 

On more attentively examining this matter, it appeared, that 
when the clay is prefled into* a mould, the furface in contact 
with the mould acquires a more compact texture than the inner 
part of the mafs ; — that this compaftnefs reftrains, in fome de- 
gree, its diminution in the fire; — and therefore, that when 
this furface, or lefs diminifhable cruft, is pared off from the 
two fides only, the piece may be eonfidered as having its upper 
and lower ftrata (AA and BB, fig. 1.) eompofed of a lefs di- 
minifhable matter than the intermediate part,, the neceflary 
eonfequenee of which ftrudure will be fuch a figure as we find 
the pieces to affmne ; for if any ft rat 11 m in the mafs fli rinks 
lefs than the reft, the extremities of that ftratum muft be left 
■proportion-ably prominent. That this was the true eaufe of 
the inequality, I was convinced" by firing fome pieces unad- 
jiifted, with all their furfaces entire,, as they came from the 
mould; for thefe pieces, after paffing; through the fame ftrong 
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fires with the preceding, continued flat, with" the angles regu- 
larly (harp, and without the leaft fenfible prominence in any 
part. 

Some of the moulds, employed for this nfe, were made of 
plafter, a material more convenient for the workman than me- 
tal, as, the pieces part more freely from it, hut which contri- 
buted greatly to increafe the above-mentioned irregularity : for 
the plafter, by abforbing a portion of the water from the clay 
contiguous to it, renders the furface at the fame time, even at 
the inftant of contact, much more confiflent^ and confequently 
more difficult to prefs into the angles of the mould ; fo that ftie 
outfides of thefe pieces were not only more comprejfed, but 
formed of clay of a different temper from the inner parts, being 
much drier or firmer; a circumftance which, as will appear 
hereafter, reftrains ftill more their diminution in the fire. 

The moulds were therefore laid afide, and the prefs adopted 
in their ftead ; for as the foft clay, preffed in a cylindrical 
veffel, gives way and efcapes through an aperture made for that 
purpofe (by which means it is formed into long rods), th* 
fides of the piece cannot be fuppofed to receive fo great a de- 
gree of compreffure againft the fides of the aperture through 
which it is delivered in this operation, as it does againft the 
fides of the mould, by which it is confined till every part has 
born a preffure fufficient to force the clay into every angle, 
which is much greater than even a workman would imagine 
till he comes to try the experiment himfelf, 

But with this change fome new difficulties arofe ; for pieces 
preffed through the fame aperture, and from the fame preff-ful 
of clay, and adjufted, when dry, to the fame point in the 
gage, were found, after paffing together through the fame 
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Itrottg fires, to differ in their dimenfions from one another, io 
fome inftances more than any of the preceding* 

Having hitherto paid 00 particular attention myfeff to the 
mere manual labour of preffing the clay, I -determined, upon 
this event, to go through that and every other operation, how- 
ever fimple and feemingly infignificant, with my own hands. 
In doing this I obferved, that the power neceflary for forcing 
the clay through an aperture which botte but a final! propor- 
tion to the diameter of the mafs of clay in the prefs, was fo 
great as to fqueeze out, along with the clay that fkft paffed 
through, a confiderable portion of the water that belonged to* 
the reft.. From this over-proportion of water in the composi- 
tion of the firft pieces they were foft ancLfpengy, and the fuo 
eeeding ones more and more compa£i, till at length the clay 
proved fo ftiff as fcarcely to be forced through at alL 

Clay, containing different proportions* of water, is welt 
known to diminifh differently in drying ; but it was not ima- 
gined that, when dry, there would be any difference in its 
fubfequent diminutions by fire. Experiments however, multi- 
plied in a variety qf circumftances, (hewed decifively, what 
the pieces formed in the mould had given grounds to fufpeft* 
that thofe formed of the fofteft clay, and which had under- 
gone the kaft preff lire, diminished moft in burning; and that 
the diminution is uniformly lefs and lefs, in proportion to the 
greater degree of preflure or compackiefs. 

The knowledge of the caufe of the irregularity fuggefted & 
remedy. Ileflened. the width of the prefs very much, fo as to 
bring the diameter of the mafs of clay, and that of the aper- 
ture through which it is delivered, to. a nearer proportion with 
one another. A much lefs degree of force being .now fuffi- 
cient,. the pieces* or rods, were proportionably more uniform,, 

though 
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though there was Hill a fenfible difference," in confidence, be- 
tween thofe which were firft and laft preffed out from the fame 
mafs of clav. The intermediate ones, within a certain dif- 
tance from the two extremes, correfponded very nearly with 
one another; fo that by rejecting a Sufficient number of .the 
firft and laft, and ufing the intermediate ones only % the inequality 
mav be onfidered as almoft annihilated, 

I neverthelefs ftill found that, in ftrong fire, the edges be- 
came a little prominent, though not fo much as before. I 
was aware that thefe pieces muft partake, in fome degr.ee, of 
the imperfe&ion of thofe made in the mould ; having their 
furfaces, rendered, by their friction againft the fides of the 
aperture, more compad: than the inner part. But I fufpedted that 
fomething might depend alfo upon the form, and accordingly 
made many trials for afcertaining the form that might be leaft 
liable to this irregularity : the angles only were bevilled off, the 
fides were rounded, the pieces were rounded all over, made of 
ovals and other curves, and both the longeft and fhorteft di- 
menfions were ufed as the extent to be meafured : the general 
refult was, that the nearer they came to a circular figure, the 
lefs inequality they contra&ed in the fire, and by making them 
entirely circular, the imperfection appeared to be obviated alto- 
gether ; cylindric pieces bearing the ftrongeft fires without the 
leaft appearance of prominence or inequality in any part of 
tlieir furface* I have therefore chofen this laft form, leaving 
only one narrow fiat fide (a& 9 fig, 2.) as a bottom for the pieces 
to reft upon, and to diftinguifh the pofition in which they are 
to be meafured in the gage. 

1 have endeavoured at the fame time to obviate whatever 
inaccuracy the inequality of compadnefs may be capable of 
producing, by fo a.djufting the aperture through which the 
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rods are prefled, and on which their figure and dimenfions de- 
pend, as to fuperfede the ufe of the paring gage altogether ; 
that the whole furface may remain of the fame uniform com-* 
pa&nefs which it received in the prefs. And as it is fcarcely 
pradticable, in any mode of forming foft clay, to have all the 
pieces precifely of the fame dimenfions after drying, I do not 
reje£t thofe which come within two or three degrees of the 
ftandard, but, infteadof injuring the furface by paring or rub- 
bing, I mark on the ends the degrees which they refpe£iively 
exceed or fall fhort; which degrees are accordingly to be fub- 
ftra&ed, or added, in all ohfervations of heat made with thofe 
pieces. Stri&ly fpeaking, an allowance ought to be made alfo 
for the proportional diminution upon this excefs or deficiency 
itfelf; but the allowance for three degrees would not, at the 
melting heats of copper, filver, or gold, amount to more than 
a feventh part of a degree; and at the extreme point of heat 
that I have been able to attain, when the piece has diminished. 
JLi° or nearly one-fourth of its whole thicknefs, it comes 
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only to four-fifths of a degree. 

It may be proper to take notice of an irregularity in the 
apparent diminutions of the pieces, which was fometimes ob- 
ferved to happen from another caufe, their bending a little in 
ftrong fire, fo as to be prevented from going fo far "in the gage 
as they would have done if they had continued • perfectly 
ftraight. But as this takes place only in pieces of confiderable 
length, and as they derive no advantage of any kind, from that 
length, the remedy is too, obvious to need being here men- 
tioned. 

Another fallacious appearance arofe, not from any imper- 
fection in the pieces themfelves, but from a deception with 
refped to the heat in which the comparifon of them had been 
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made. In one period of the courfe of my experiments, I 
employed, for firing them, a fmall, (hallow, cylindrical veffel 
(fig. 3,) fetting the pieces on end, clofe together, on its hot* 
torn, and placing it in the middle of the fuel, in a common 
air-furnace, with care to keep the fire as equal all round it a^ 
poffible. It was expedited, that all the pieces would receive air 
equal heat ; and as they were found, after the operation, to 
differ in their dimenfions, fometimes considerably, from one 
another, thefe differences proved a fource of much perplexity* 
till it was difcovered that the pieces had really undergone 
unequal degrees of heat. 

In the paper on the comparifon of this thermometer with 
Fahrenheit's*, I have taken notice of the great difficulty of 
obtaining, in fmall furnaces, a perfe&ly equal heat, even 
through the extent occupied by a few of thefe little pieces t 
and how different the heat may be in different parts of one 
veffel, we may be fatisfied by an eafy experiment, viz, fetting 
a cylindrical rod of clay, of the length of eight or ten inches* 
upright in the middle of a crucible, and urging it with ftrong 
fire in a common fmall furnace; the rod will be found very 
differently diminifhed at different parts of its height ; and if 
its height be fufficient to reach fome way above the fuel* 
nearly the whole range of the thermometric fcale may be pro- 
duced in one rod; an ocular proof, not only of the diverfity 
of heat within a fmall compafs, but likewife of the [peculiar 
fenfibility of this thermometer, every part of the mafs ex- 
prefling diftinftly the degree of heat which it has itfelf felt. 
It will be proper, in this experiment, to have a tube fixed in 
the bottom of the crucible, for keeping the rod (leady, as at 
fig* 4. By this means the heat of my air-furnace renders & 
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roctof the thermometric clay tapering, from about four parts 
in diameter at top to three at bottom, which are nearly the 
proportions between the width of the piece wheii unburnt, or 
but juft ignited, and when it has fuffered a heat of 160 degrees. 
To the foregoing fources of inequality in the pieces, one 
more may be added, fmall cavities, or air* bubbles accidentally 
inclofed, which fometimes happened in the earlier experi- 
ments. In order to prevent thefe, particular attention is now 
paid by the workmen to what we call ha tiding or flapping the 
clay, an operation by which its different parts are intermixed, 
and the mafs rendered of an uniform temper throughout* The 
Workman takes a lump of the clay in his hands, perhaps of two 
pounds weight, and, breaking it in two in the middle, lays one 
part upon the other, and preffes them flat again, repeating this 
forty or fifty times, or perhaps oftener* Now, confideringthe 
pieces at firft as two difilmilar maffes, with any number of air- 
bubbles inclofed; each of thefe pieces being by the firft 
doubling divided into two, by the next into four, by the third 
into eight, and fo on in geometrical progreffion, each of the 
original maffes will be divided by the fiftieth repetition into 
upwards of eleven thoufand millions of millions of invifibie 
laminae: — invifibie, becaufe the lump of clay would, long 
before the ;.laft doubling, be of one uniform colour, though at 
firft one -half of it had been black, and the other white. If 
therefore no air be inclofed between the pieces at the times oF 
their being put together in this prdcefs, all the air which might 
have been in the m^fs before would certainly be driven out; 
anji, to avoid as much as pofiibie the introdu&ion of any frefh 
portions of air, the two feparated pieces are each time made 
fmooth, and a little convex, on the furface^that are to be 
brought together. 

Fffz Bfj 
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By due attention to the circumftances above ftated, any fingler 
quantity of clay rtiay- be made up Into thermometer-pieces, that 
fhall differ very little, if any thing at all, from one another. 

But a new difficulty now arofe, more embarraffing than any 
of the former; that of procuring frefh fupplies of clay, of 
the fame thermometrlc quality with the firft. ' The quantity 
of the clay which, after trial'of many others, I had made choice 
of, was fmall ; but the particular fpot it was taken from being 
known, and having purchafed the little eftate in which it was 
.raifed, I had not a doubt of obtaining more of the fame when 
it fhould be wanted : for clays in general, when, raifed from an 
equal depth, in the fame ftratum, and near the fame place,, 
are found to poffefs the fame properties, with refpeft to &x\Stv» 
lity in the hands of the workman, a difpofition to aflume by 
fire a porcelain or vitreous texture, fingly or in compofition^ 
and all other qualities relative to their ufe in pottery- In this,, 
however, I was deceived; for when a. frefh fupply was wanted^ 
to complete my experiments, though I had fome taken- from a? 
pit joining to the firft, and at the fame depth* k was.found to » 
diminifh differently from the former parceL I then had fome 
raifed from different parts of the fame field and bed, and at 
different depths ; and in various other places in Cornwall,, from 
the fpot where this fpecles of clayis firft met with to the LandV, 
End; but all thefe clays differed fo much from the firft iii the 
quantity of their diminution by fire,, and moft of them liker 
wife from each other, that 1/ defpaired, of being evetiable to 
find one that would correfpond with it, or any natural clays 
that could be obtained twice of exaftly the fame thermometrk 
properties, how fimilar foever in other refpe&s. 
s Upon a; review of the numerous comparifons which I have 
made of thefe. new clays, in different degrees of heat, from the 
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rommeucetn.eiit.of rednefs up tointenfe fire; the '.mod- finking* 
differences of the greateft part of them from -, the bid ■feem&d,tj> 
originate in the lower ft ages "of heat ;.* and of thofe which were 
got from the neighbourhood of the bld,^ the variations from it 
in; the higher ftages feemed, for the moft part, to be only con- 
fequences of thofe differences*; in the lower ones.* 

I have mentioned, iiv the fnrft Paper, that the original ther- 
mometer-pieces had their bulk enlarged a little on the approach 
of ignition ; but that by the time they became vifibly red-hot 
throughout, they are reduced to their former dimensions again ; 
and at this rrioment the thermometric diminution begins. The 
new clays had their bulk enlarged, iii a much greater propor- 
tion, and therenl f argfementiwas of; much longer continuance : 
Ibme of them required a heat of 15 degrees to defiroy the in- 
creafe which ignition had produced in their bulk, and bring 
them backup their original dimenfions: after this period, moft 
of them diminiflied pretty regularly!, and uniformly with the 
old, being nearly fo many degrees behind it, avail the fuc~ 
ceeding ftages of heal, as , they reqyired to bring ; them back 
from the enlarged ftate. 

I have mentioned alio, in my former paper, that a quantity 
of air is extricated from the clay, moft rapidly at the period in 
which the augmentation of bulk takes place ; and that the 
augmentation was probably owing to this air' forcing the par- 
ticles of the clay a little afonder, previous to the inftant of 
its efcape. It was therefore prefumed, that the greater exten- 
fion of thefe new clays might be owing, either to a greater 
quantity, or ftronger adhefion, of this combined air : and as 
clay, kept moift for a length of time, in certain circum- 
fiances* undergoes a proceis feemingly analogous to fermenta- 
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tion, it was hoped that, by fuch a procefs, part of its com- 
bined air might be detached. 

But experiments made on this idea have proved, that thefe 
clays, kept moift for a twelvemonth, — kept for a confiderable 
length of time in aheatjuft below vifible rednefs, — boiled in 
water for many hours,— alternately, and repeatedly, moiftened 
and dried,— fuffer no alteration in their thermometric proper- 
ties, and continue to differ from the ftandard clay juft as- 
much as they did at firft. 

Some of thefe new clays differed from the old in a property 
ftill more eflential, and by which I was much more difconcerted ; 
for though they continued diminifliing with tolerable regu- 
larity, keeping only fome degrees behind it, up to a certain 
period of heat, about that in which caft iron melts ; yet many 
of the pieces, urged with a heat known to be greater than 
that, were found not to be diminifhed fo much as thofe which 
had fuffered only that lower heat. Farther experiments 
Chewed, that^ after diminiihing to a certain point, they bfegin, 
upon an increafe of the heat beyond that point, to fwell again: 
and as this effe& is confiant in certain clays, and begins earlieft 
in thofe which are moll vitrefcible, and as clays are found to 
fwell upon the approach of vitrification, I look upon this fe- 
cond enlargement of bulk, however inconfiderable, as a furc 
indication of the clay or compofition having gone beyond the 
true porcelain ftate, and of a difpofition taking place towards 
vitrification; which ftage is always, fo far as my experience 
reaches, attended with a new extrication of air; and in fome 
inftances, this air being unable to make its efcape from the 
tenacious mafs that envelopes it, the burnt clay is thereby fo 
much increafed in bulk as to fwim on water like very light 
wood The degree of heat therefore, at which this enlarge- 
ment 
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merit begins, may be confidered as a criterion of the degree of 
vitrefcibility of the compofition ; which points out a new ule 
of this thermorneter^ enabling us to afcertalii tfhe degree of vt~ 
trefcibility of bodies that cannot a&ually be vitrified by any 
'fires which our furnaces are capable of producing. 

All my refearches -among the natural clays proving frmtlefs, 
and the experiments having fhewn that ail thbfe, which could 
fufficiently refill: vitrification, diminifhed too little in the fire, 
I endeavoured to find a; body poflefied of the oppofite property, 
that is, diminishing too mtich^ and, by a mixture of thefe two, 
to produce the medium diminution required. As I could not 
find any natural fubftanee pbfleffed of that property, which 
would not at the fame f -time reltder the coriipound tod vitrefcible, 
I was obliged to Irave reeourfe to fcriife artificial preparation; 
and as the earth of ^lum ^ is the pure argillaceous earth, to 
which all clays owe their property of diminution in the fire, 
pbffeffing that property in a greater or lefs degree according to 
the quantity of alum earth in their conbpfcrtEition, I 'mixed forxie 
of this earth with the clay, and found it to anfwer my wifhe^ 
completely, bath in procuring the rieceffary degree of dimi- 
nution, and increasing its unvitrefcibility. So little is this 
compound difpofed to vitrification, that the greatefl heat I 
could give it, that of 160 , did not even bring it to a porcelain 
texture, but left it flill bibulous ; and as it does not arrive at 
the porcelain ftate in this fire, there can be no danger of its ap- 
proaching too neai to the viirefcent in any heat that we can 
produce in a furnace. 

In order to obtain theexaft medium required, I took one of 
the beft of the clays I had procured from Cornwall, and mixed it 
with different proportions of the alum earth, till the compofi- 
tion was found, on repeated trials, to agree with the original 
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in all degrees-; of Jheat > ■;. This ;coiocidetoce was not indeed eflen- 
tial; but as many degrees of heat were , already before the 
public* meafured by thermometer-pieces made of the firft clay, 
and as . the correfpondence of the firft with Fahrenheit's 
fcale had likewife been in.ibme meafure afcertained, it was 
deliruble ;that the fame degrees of heat fhould continue to be 
exprefled by the fame numbers. 

The alum earth is prepared for this purpofe by diffolving 
the alum in water, precipitating with a foiution of fixed alkali, 
and wafhing the earth repeatedly with large quantities of boil- 
ing Water-; £vhdu the earth has fettled, the water above it is 
let off by cocks in the fides of the hogiheads; and when the 
veffels are filled up with frefh water, care is taken to ftir up 
the earth from the bottom, and mix it thoroughly with the 
liquor. I find it moft convenient to ufe the earth undried, in 
its gelatinous ftate, as in this ftate it unites eafily and perfe£tly 
with the clay; whereas, when the. alum earth has concreted 
into dry . maffes, great labour is neceflary to mix them uni- 
formly together. 

. I have tried feveral different parcels of Englifh alum, from 
the fame and from different manufactories, and found no ma- 
terial difference in the quantity of earth it contains*. Nor 
indeed would it be of any confeqence if there was a difference 
in this refpeft, as the proportion of alum earth .neceflary for 

* A difference in the quantity of earth may a rife from different proportions of 
Glauber's fait and vitriolated tartar, of which I have found quantities very 
confiderable, but nearly alike, in all the Englifli alum I have examined. Thefe 
fa'lts are doubtlefs formed by the kelp allies employed in the preparation of the 
alum. They are difcovered by calcining the dried alum with charcoal powder, 
which decompofes the alum only, leaving the other two falts intermixed with 
the alum earth, from whence they may be extra&ed by water. 

different 
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different clays, and even for different parcels of the fame clay, 
can only be afcertained by repeated trials, adding fucceffive 
quantities of the earth till the defired effect is found to be pro- 
duced. Ten hundred weight of the Cornwall porcelain clay 
which I have now in ufe required all the earth that was 
afforded by five hundred weight of alum. 

It is material in this place to obferve, that the earth of alum 
is extremely tenacious of water, infomuch that, though appa- 
rently dry, the water and air amount to near as much as the 
pure earth, and are not to be completely driven out without a 
full red heat. When divided by the admixture of other earthy 
bodies, it parts with its water eafier indeed than before ; but a 
mixture containing fo much of it as the thermometric compo^ 
fition does, is far more retentive of water than common clay, 
and requires to be kept for fome time in a heat equal to that of 
boiling water, before it is to be confldered as dry, that is, be-* 
fore the adjuftment of the pieces in the gage. If they are 
adjufted when only apparently dry, or of fuch a degree of 
drynefs as they can be brought to by a heat that the hand can 
bear, the heat of boiling water will diminish them two or three 
degrees; and the greateft part of what they have thus been 
deprived of, they gradually recover again on being expofed to 
the atmofphere, To that the adjuftment muft be made imme- 
diately after the boiling heat. 

By the fame expedient to which I have thus been obliged to 
have recourfe for procuring to the porcelain clay of Cornwall 
the ftandard degree of diminution, and reliftence to fire, the 
fame qualities may probably be communicated to any other clay 
that is tolerably pure from calcareous earth and iron ; fo that 
the thermometer clay is no longer to be confldered as the pro- 
duce of any particular fpot (which was the principal incon- 
Vol, LXXVL Ggg venienca 
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vemence originally imagined to attend it), but may be pro* 
cured and .prepared in all parts of the world where good 
common clay, and alum, are to be found j and corKefponding 
thermometers may, confequentlyv be conftra&ed* without 
any ftanda,rd to copy from. For^ if a converging canal b& 
formed,, of any convenient length*, with the widths, at the 
two. ends in the proportion of 5 to- 3, with, the fides perfectly 
ftraight, and divided into. 24Q equal parts, numbering the 
divifions from the wider end * ;~~ and if a clay be obtained of 
fuch quality, that when formed* in, the. manner already men- 
tioned, into pieces, of fuch fiae as to enter to a in the gage ot 
canal, thefe pieces {hall juft begin to diminifh, or go a ; little 
further in the canal, by a heat vifibly red;— go to 2^ ^ by the 
heat in which copper melts ;— about 90 by the welding heat 
of iron; about 160, by the greateft heat that can be produced: 
with coaked pit- coal in a well conftra&ed common air-furnace,, 
about eight inches fquare, ftill continuing bibulous, fo as to? 
ftick to the tongue ; fuch gages, and pieces, of fuch clay, fc^ 
adjufted*, will always compofe correfpondent thermometers*. 

Having mentioned occasionally feveral alternate periods ofp 
dilatation and contraction in cjay, it may be proper to ftate^. 
and bring into one view,, the whole fucceffion, of changes, 
which I have obferved in this curious material; as otherwife 
they might create feme confufion in the minds of thofe who. 
have not had occafion to think attentively on this fubjeft, and 
lead theiri to afk. how a body fo variable, and, liable to. fuck 
oppofite changes from, different degrees of heat^ can yet be a 
juft meafurq of thofe degrees, 

* Or. the divifions on. the fids may be continued to 300- j- and in that- cafe^ 
inftead of the widths of the two ends being in, proportipn of the odd number^ 
c and. q> the one will be juit double tq the other* 

X to® 
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The changes which take place in all the natural clays that 
Have come under my examination are fix. 

1. The firft is, the Jhr 'inking of the moift clay in drying, 
from the mere lofs of its Water, The purer the clay is, the 
more water it requires to foften it, and the more it diminifhes 
in bulk by the lofs of that water. 

2. The dry clay, gradually heated, preferves its bulk un- 
varied up to the approach of ignition. At this period it is 
enlarged & little; probably, as already obferved, from its com- 
bined air, endeavouring to efcape. 

3. When this air has made its efcape, the clay begins to dimi- 
nifli, or to lofe the bulk it had before acquired '; and returns 
back, fooner or later, to the fame dimenfions which it was of 
when dry. It is at this point that the thermometric diminu- 
tion commences* 

4. From this point the clay continues to diminifh more and 
more in proportion as the heat is increafed. This I call the 
thermometric f age of diminution : it is of greater or lefs extent, 
terminating at different periods of heat, according to the na- 
ture of the clay : in the ftandard thermometer clay, it com- 
mences with vifible ignition, and continues to (doubtlefs. far 
beyond) the extreme heats of our furnaces, an interval con* 
fitting of 160 degrees of the fcale : in others, it begins 4, 6, 
and in fome even 1 5 of thofe degrees later, and terminates alfo 
much fooner : and in fome its whole extent is not above 20 
of the fame degrees. Throughout the greateft part of this 
ftage, the clays are found to retain their property of flicking 
to the tongue and imbibing water : between this bibulous ftate 
and the vitrefcent there is an intermediate one, diftinguifhed by 
the name of porcelain ; and to the higher term of this porcelain 
fUte the ftage of thermometric diminution feems to continue. 

Ggra c. When 
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5. When the clay has paffed the porcelain ftate, it begins to 
be enlarged again, a fymptom of the vitrefcent ftage being 
commenced ; and in. this period it fwells more or lefs, accord- 
ing to the nature of its compofition. 

6. By further heat the fwelled.mafs, becoming fluid, fubfides, 
is converted into glafs or flag,- and contrasted into lefs volume:. 
than the clay occupied in any of its preceding dates. 

It is plain, therefore, that clay can be a meafure of heat na 
further than from ignition, or that point beyond ignition where 
the third ftage terminates, to the beginning of the vitrefcent 
ftage; and that, as the three 'fir ft changes are completely paffed 1 
before the clay is applied to thermometric purpofes, being 
ftri&ly no other than preparatory procefles, the thermometer- 
pieces, whatever clay they may be made of (provided it is Effi- 
ciently imvitrefcible), are to be confidered as poifeffing only 
the fourth ftage. But a lingular property of the compofition of 
clay and alum earth remains to be mentioned, vi%., that it has-, 
really no other than this one ftage : it fufters no enlargement 
of its bulk at ignition, or in any other period ; but proceeds ia 
one uninterrupted courfe of diminution, from the foft ftate in 
which the pieces are formed, up to the extreme fires of otir 
furnaces. Though the diminution, however, is uninterrupted,. 
It is at the fame time fo iiiconfiderable at the beginning, from, 
the heat of boiling water (at which tl>e pieces are adjufted) up, 
to ignition, that the fame point ef vifible rednefs is taken for 
the commencement of theicale, in this 3$ in the original clay,, 
without any fenfxble error or variation in their progrefs... 

I am inclined to believe, though experiments have not yet 
enabled me to fpeak with certainty .on this point, that the fame 
caufe which enlarges the natural clays on their firft expofure to 
$he -fire, operates alio in this compofitim ? but in a much lower 

degree ; 
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degree ; that while the natural clays have their whole mafs 
difteaded by the efforts of the air in forcing its paflage, the 
Compofitim is only reftrained in its diminution, or prevented 
from diminifhing fo faft as it otherwife would do, and as it i$ 
found to do in the fubfequent part of its courfe, after the air 
has efcaped from it. 

As the compofition of clay and alum earth is far more tena* 
eious of water than the clay itfelf, and was found, after being, 
dried by the heat of boiling water, to yield, by diftillation in a 
retort, above three times as much aqueous fluid as the original 
thermometric clay did ; it feems probable, that a part of this 
water, retained to the approach of ignition, and in a ftate of 
chemical combination, may facilitate the paffage of the air,, 
ferving as a vehicle to convey it off through interftices not 
permeable to air alone, and confequently enabling it to efcape 
without doing that violence to the mafs, which the natural* 
clays fuftain from, the expulfioii of their air after the water has 
been detached from it; for the experiments of Dr, Priestley 
have fhewn, that veffels even of burnt 'clay are permeable to* 
air when they have imbibed water into theix fubftance,, though, 
not at all fo in a dry ftate., 

I have now communicated the refult of a feries of experi- 
ments which have taken confiderable time, attention, and 
labour to complete. Whether the importance of the obje£t: 
will juftify me in troubling this illuftrious Society with fo 
minute a detail of the moft material operations, and their 
refults, is not for me to determine- If the thermometer 
Ihoulcl not yet be brought to the perfection that may be wifhed r 
1 flatter myfelf that fome abler hand may now take up the fub- 
jed: to. more advantage; and that, philofophers and artifts will 
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not be lefs fuccefsful In fupplying what may ftill be deficient* 
and in afcertaining, by the contratTwn of argillaceous matter % 
the meafurements and e'ffe&s of the various degrees through 
the immenfe extent of luminous fire, than they have been 
with refpeft to the limited and narrow compafs of low heat r 
which is meafurable by the exganfion of fluids* 
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